A great number of production sectors in Africa that make use of maize, rice and wheat starches have carried out several experiments on cassava (Manihot esculenta) flour and starch, and found them to be potentially valuable substitutes. The benefits ranged from being a human staple food, constituent of animal feeds, and raw material in food processing, textile, pharmaceutical, detergent, alcohol and plastic industries to production of confectioneries like bread, spaghetti and chinchin. The vast availability of this "white gold" in most African countries can be explored in order to fully maximize its potential as an industrial base for interested entrepreneurs.
Introduction
Cassava (Manihot esculenta) has a great potential to be used in Africa as an industrial base. This is due to the fact that cassava starch can perform most of the functions maize, rice and wheat starches are currently used for. Starch industrial application has evolved into a multibillion dollar business worldwide and as such, many more industries, mostly within Africa, have now developed multipurpose applications for starch especially cassava starch. Cassava starch, which is very mild in flavor and effluents generated from cassava starch processing units, are cheap feedstock and can be used as potential raw materials for industrial applications like ethanol production [1] . The demand for starch in Nigeria alone has recently been estimated to be around 67,100 tonnes per year and the amount of fresh cassava roots needed to produce that amount of starch is 350,000 tonnes [2] . High-grade cassava flour has the potential for use as an alternative to starch and other imported materials in a range of industries. This review will enlighten the scientific community and the public on the beneficial potentials of cassava as an industrial base.
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Cassava-Based Animal Feeds Production
Cassava (Figure 1 ) known as an energy source, is well suited for animal feeds, as demonstrated by its utilization in many countries. In 1994, about a quarter of the global cassava production was estimated to be used as an ingredient in pork, poultry, cattle, and fish feeds [3] . An industry that has livestock feed production as its subsidiary can utilize cassava in the production of its feed. Animal feed made of cassava can lead to increased number of feeds and also reduction of their cost in both commercial and subsistence production systems. A comparatively small amount of energy in feed extracts is caused by unavailability of cheap carbohydrate sources found in cassava. Using cassava as substitute of maize to some extent can be an achievable goal, if properly harnessed.
Cassava Noodles, Cakes and Bread
Instant noodle and spaghetti are carbohydrate-rich snacks made previously from wheat flour [4] . However, the use of cassava as a preferred substitute for wheat in their production has grossly increased over the last 3 decades due to alarming increase in the rate of consumption of instant noodle and spaghetti in Africa that awakened the need to source for other readily available and cheaper carbohydrate-rich substitutes or complements for wheat. The instant noodle and spaghetti industries produce millions of packs per year that are consumed by Africans and the rest of the world on daily basis. The cassava starch demands by these industries are in millions of tones, corresponding to millions of tones of fresh roots. Although statistics of their cassava starch demand is not available now, Indonesia has a cassava starch demand of 0.045 million tonnes corresponding to about 0.20 million tonnes of fresh roots [5] .
Cassava Cakes and Biscuits
The production cost of cake and biscuit has been considerably reduced in recent times by mixing wheat flour and cassava starch in a specified manner. Cassava flours have now found important places in the Nigerian biscuit industry. Cassava is particularly used due to its good baking qualities and the fact that biscuit production is less gluten sensitive. According to Oyewole et al. [6] , acceptable biscuits were produced by completely substituting wheat flour with cassava flour. However, cake and biscuit industries have good future prospects, and demand for cassava starch could increase as well. 
Cassava Bread
In many developing countries, bread consumption is continually expanding and there is increasing dependence on imported wheat. Cassava flour can be used as a substitute for wheat flour in many products, like bread. During the 1980s and 1990s, research bodies such as International Institute for Tropical Agriculture (IITA), Center for International Cooperation in Agronomic Research for Development (CIRAD) and The International Center for Tropical Agriculture (CIAT) did extensive researches on the utilization of cassava flour as a partial substitute for wheat in bread (up to 10% -15%). Bokanga [7] showed that it is possible to increase the level of the nonwheat flour considerably without too great a change in the bread characteristics, provided certain bread improvers such as calcium stearyl lactylate are added or a relatively high percentage of fat and sugar is used.
Cassava Starch in Textile Industries
In the textile industries, modified starch (oxidized starch) is utilized in sizing and dyeing that make the finished fabrics look brighter, harder and with increased weight. Cassava starch is usually a preferred choice to other starches for sizing coarse yarn (wool) [8] . Textile printing or the impression of a design on fabrics requires a carrier for the dyes and pigments and modified cassava starch has found special use in these applications. Small quantity of cassava starch is also used as thickening agents in printing inks and for application of glossy finishes [8] . Cassava starch sticks in low temperature, which reduces the amount of energy used up. Compared to maize, it is totally sticky when boiled. Its size provides a clearer finish, makes yarn to be more pliable on the loom and produces qualities that last long. In Africa, particularly Ghana and Nigeria, many textile mills use homemade cassava flour to stiffen fabrics. Cassava flour , which is normally used in the production of lower quality fabrics such as those used for making uniforms and overalls, is selected on the basis of cheapness and availability [9] . Cassava starch is used to make bed sheets and table clothes to give them better quality, maintain their firmness and for their completion. Modern laundries regularly use soluble starch, wrapped with an appropriate propellant in air spray container for applying starch to clothes during steam ironing. Industries now use cassava starch because it has no issue in terms of quantity, quality and timely supply
Cassava Starch in Pharmaceutical Industries
The role of cassava in drug making processes cannot be under-estimated. In pharmaceutical industries, starch serves as a filler material and bonding agent for producing tablets in powder formulations [10] . Pharmaceutical manufacturers in Nigeria that produce cough syrups utilize crystalline and liquid glucose imported from Corn Products Corporation (CPC). Although, there is a high demand for sugar syrups, what is mostly required for its production is the availability of inexpensive and high quality starch found in cassava. This starch can be widely used in the making of tablets, capsules, and powder formulations [11] . In tablets, the starch is used for coating and dusting as well as binding the constituents of the tablet. In tablets and capsules, the starch also serves a special purpose, as it absorb moisture and swell after swallowing resulting in disintegration of the tablet and dispersal of the active ingredient [12] .
Cassava Starch in Detergent Industries
In the manufacturing of soap and detergent, starch is used to get better recovery and to improve the shelf life of detergents [13] . Cassava starch is commonly used as fillers in producing soap; it is usually mixed with the particles of soap before milling. Cassava starch is not more advantageous than other materials in this area except for its relative abundance in Africa. Thus, there are special plans in African countries, particularly Nigeria to make cassava the power house for industrial and economic growth, if investors can only exploit it.
Cassava Starch in Plastic Industries
The increasing levels of pollution from durable polyurethane and polyethylene based films have provided the impetus for the development of partially and fully degradable plastic films and moldings [14] . Partially degradable films using surface-modified cassava starch have been developed and commercialized [15] . These films comprise of 40% cassava starch and 60% low-density polyethylene polymer, and they are partially broken down in the process. Exploitation of this technology in Africa would help in maximizing the potentials which lie dor-mant in cassava, especially in making it an industrial base. In Thailand, plastic films were made from 100% cassava starch using a process known as "annealing", which enables starch polymers to be converted into a flexible sheet [15] . This product is highly biodegradable, but its problem is related to high cost of production. In the rubber and foam industries, starch is used to get quality foam and color; also inclusive is cassava starch.
Cassava Starch in the Production of Confectioneries
Cassava starch can be converted to maltotriose and maltose as well as to other modified sugars and organic acids [16] . Starch is mostly used as an input for producing sugar syrups in a process known as controlled enzymatic hydrolysis, which involves the use of either acid or α-amylase enzyme. Cutting the starch chain using acid will produce a mixture of dextrin maltose and glucose, and cassava starch is particularly suitable for this purpose. Simple methods produce several maltodextrins divisible products of starch, maltose and glucose. Starch from cassava can be used to make fructose syrups [17] and formulate gelatin capsules [18] . By controlling the processing greatly, cassava starch can almost be broken down to form glucose syrup. Enzymatic isomerization of glucose syrup is use for the preparation of high fructose syrup [5] . Nigeria has a considerably great food and beverage industry that depends on glucose syrup and crystalline sugar as inputs; however, they can be transformed to high fructose syrup in the future. Also, glucose syrup made from cassava starch can be utilized for the production of candy, soft drinks, traditional medicines and biscuits. Research has shown that the amylose content of cassava starch is lower than that of arrowroot, but the productivity of cassava roots is much higher than that of arrowroots [5] . Cassava starch is therefore suitable for domestic glucose and fructose syrup industries. These products (fructose and glucose syrups) can also serve as raw materials for large-scale factories. Enzymatic hydrolysis is essential for the production of glucose syrups from starch because specificity of enzymes allows the sugar syrups production with well-defined physical and chemical properties and also, milder enzymatic hydrolysis results in few side reactions and less browning [19] . Cassava starch can also be used to produce gums, pastes and other types of candies; it can be used to make moulds or to dust sweets for them not to stick together. Dextrose does not allow boiled sweets to crystallize and also reduces hydroscopicity in the finished product.
Cassava Starch in the Production of Bioethanol
The benefits of using cassava as a raw material for ethanol production are due to the fact that it can be planted on marginal lands where other agricultural crops such as sugarcane, rice, wheat and corn cannot be grown [20] . In addition, it can highly tolerate drought, as it survives during dry weather when soil moisture is low with high humidity. Unlike sugarcane, it needs soil with low quality since it performs well in poor soil than any other major food plant.
Several distilleries in Nigeria use cassava flour of high quality as a substrate for producing ethanol. Although, cassava flour is currently being used for alcohol production, yields are well below expectations with high levels of waste (sludge and unhydrolysed starch), blockages to heat exchangers, and increased hydrolysis times as well as the high cost of imported enzymes for saccharification [21] . But these constraints can be successfully surmounted with proper mechanization and government assistance. Industrial alcohol made from cassava starch can be used as feedstock to produce a large amount of organic chemicals like organic acids (citric acid and enzymes).
Production of Adhesives from Cassava Starch
The main raw material used in glue and adhesive industries is starch. Two things are very necessary for an adhesive to be effective. Other desired requirements are ease of application, reasonable setting time, resistance to moisture, aging, heat and fungal attack, non-staining and gap filling [22] . By virtue of its good adhesive qualities, cassava starch is an important raw material in adhesive industries.
Cassava starch has a strong film, clear paste, good water-holding properties, and stable viscosity. Adhesives made of cassava starch are used locally in corrugation box industry, paper conversion industry and liquid gum industry. They are made from by-products which are supposed to be wastes, which make them have very low cost advantage. Adhesives create a bonding between the adhesive and the product to be bonded. Locally made cassava starch has a viscous temperature of 62˚C -68˚C, which makes it advantageous over maize. As a result, the use of caustic soda which changes the pasting temperature of maize from about 80˚C to 65˚C in the adhesive formulation is not required. The corrugated cardboard industry uses cassava dextrins to produce cartons, boxes and other packing materials. The layers of board are pasted together with a suspension of raw starch in a gelatinized solution. The board is pressed between hot rollers. This affects the gelatinization of the raw starch and leads to a very strong bonding. Cassava dextrins in aqueous solution re-dampen gums (used for stamps and envelopes) since they provide a high solids solution with clean machining properties.
These adhesives have applications in many industries. For example, cassava-based adhesives in oil industries are used to improve the viscosity of drilling muds in oil wells. Modified cassava starch (a mixture of clay) provides the bores with the right stickiness and water-holding capacity for drilling of oil wells or water wells. It is also used to close the walls of bore holes and prevents the loss of fluid. Cassava-based adhesives in cement industries are presently used as an additive in cement to improve the setting time.
Cassava Flour in Plywood and Paperboard Industry
In Nigeria, standard cassava flour can be produce and made available at a lower cost than wheat flour. This can pilot the way to further savings on unit cost of production. The plywood and paperboard industries simply make use of either high-grade cassava flour directly or adhesives which consist of mixtures of flour and one or more chemicals. The industries also make use of low quality cassava starch because they do not care about the cyanide content, microbiology, color, taste or odor of the flour. This makes low quality cassava starch to find application in this sector.
Cassava starch is used as an adhesive to make paper produced bright and strong. It is widely used as a tub size and beater size for producing paper. An important new application of cassava starch in paper industries is in the machine-coating of magazine paper, formerly done exclusively with caseins.
Other Industrial Applications of Cassava and Its Waste Products
Starch is also an essential natural resource used for manufacturing powder in the cosmetics industries, and cassava starch plays a very important role here. Activated carbons prepared from waste cassava peel are efficient as adsorbents for dyes and metal ions.
Wastes obtained from the harvesting and processing of cassava can be used for different purposes in various industries. A cassava starch production unit processing 100 tons of tubers per day has an output of 47 tons of fresh by-products, which may cause environmental problems when left in the surroundings or carelessly disposed of [23] . In Nigeria, cassava wastes are usually left to rot away or are burnt, leaving space for more waste to be gathered. The heaps emit carbon dioxide and produce a strong offensive smell. The use of cassava byproducts as feedstuffs or as an alternative substrate for biotechnological processes is a positive way to alleviate environmental issues [24] . These include cassava leaves, stems, peels and sievate. Cassava peels, leaves and stems are often left to rot away on farms and homesteads after harvesting the roots [25] .
Cassava Leaf
Cassava leaves, a by-product of cassava root harvest is (depending on the varieties) rich in protein (14% -40% dry matter), minerals, vitamins B1, B2, C and carotenes [26] . Cassava leaves contain a number of nutritionally active factors including linamarin, oxalic acid, phytic acid, tannic acid and trypsin and chymotrypsin inhibitors [27] .
Cassava leaves as reasonably source of protein can reduce malnutrition in poor tropical and sub-tropical countries. Cassava leaves can be processed by alkaline fermentation in fermented vegetable called Ntoba mbodi which is consumed in Congo and Central Africa [28] . The main obstacle hampering the wide usage of cassava leaves as food is cyanogenic glucoside (contents of leaves), which depending on the variety, can be 6 times higher than the one seen in the roots. However, heat treatment is used to deliberately reduce the high level of cyanogenic glucosides present in the leaves [29] .
Cassava Peels
Cassava peels form the bulk of residue from cassava root after post-harvest and processing. These peels could make up to about 10% of net weight of the roots [30] . Cassava peels serves as a good source of energy in ruminant feeding systems, serving either as the main basal diet or as a supplement. They constitute an important po-tential resource for animal feeds if properly processed by a bio-system [31] . Cassava peels have been employed as an important source of carbohydrate in livestock feeds for monogastrics in various parts of the world [32] . Because the detoxification of cyanogenic glucosides requires the presence of methionine, balanced feeds that include cassava peels must contain enough sulphur amino acids [33] . Cassava peel meal has also been consistently incorporated into the diets of pigs as alternative energy source [34] .
Ofoefule and Uzodinma [30] have shown that biogas can be produced from blends of cassava peels with some animal wastes. Oparaku et al. [35] has also reported the production of methane from cassava peels while Obadina et al. [36] showed that cassava peel can be used as a substrate for microbial protein enrichment.
Cassava Sievate
Cassava sievate is also known as garri sievate. Cassava sievate is the by-product of the production of garri (also spelled gari), a popular West African food. Cassava sievate contains high amount of non-starch polysaccharides mostly of non-digestible carbohydrate such as cellulose hemicellulose, which have a high water holding capacity [37] . The sievate represents 15% -17% of the root in weight [38] . In Nigeria, cassava sieviate was used successfully in layers, causing only a minor decrease in egg production when 15% sievate was included in the diet [39] . Fermentation with Aspergillus slightly improved the rate of lay. Cassava sievate introduced as 18% -20% of the diet for growing rabbit (replacing the corresponding amount of maize grain) resulted in growth performance similar to, or slightly better than that obtained with the maize-based control diet [40] .
Cassava Stems
Cassava stems have been over looked in starch and energy production. Cassava stem contains about 30% starch (dry mass) mostly in the xylem than the phloem tissue. Up to 15% of the stem dry mass can be extracted using simple water based techniques, potentially leading to 87% increase in global cassava starch production. Cassava stems can be used for biofuel production without land use expansion [41] . Thus, in areas with large production of cassava stems potential exists for the exportation in the form of dehydrated stems. Large quantities of cassava stems could be chopped and mixed into silage for the feeding of cattle and pigs.
Conclusions and Recommendations
The importance of cassava in the agricultural economy of many tropical countries has grown remarkably in recent years and a great potential exists for cassava utilization as an industrial base in Africa. The food and starch industry in Africa should take advantage of the abundance of cassava production in the region to develop a local raw material base. Bakeries and confection industries should start to utilize cassava products, even at low levels of substitution for wheat flour, while they work out modalities for total substitution. The uniqueness of cassava in improving nutrition and bringing about national development in the food industry cannot be overemphasized. While other commodities such as corn, millet and soybean have been suggested and used as substitutes in the production of composite flours, the use of cassava has been shown to outweigh their benefits. Utilization of cassava would resolve the vicious cyclic effect associated with its production, increase stakeholders' income, create more jobs, solve some health problems, and reduce dependence on wheat importation. The improvement of market linkages also needs to be embarked upon.
Some of the products made from cassava require specialized secondary processing (for example, adhesive formulations) that cannot be done in the village. Hence, there is clearly a need for entrepreneurs who can bridge the necessary gaps to provide financial support for rural processors, and carry out secondary processing operations. Making cassava an industrial base by developing industries of cassava starch-derived products is a way to obtain a high added-value for cassava. Also, cassava could make a much more important contribution to national economies and provide a more stable base for industries, if cassava starch and cassava "wastes" could compete with other starches by improving the quality of its products and lowering the cost of production.
In summary, the vast availability of this "white gold" (cassava) in most African countries should be regarded as a natural plea for its exploration in order to fully maximize its potential as an industrial base for interested entrepreneurs.
